Background and aims: Internet Addiction (IA) has consistently been related to comorbid psychiatric disorders and lowered self-esteem. However, most studies relied on self-report questionnaires using non-representative samples. This study aims to analyze the relative impact of self-esteem and comorbid psychopathology with lifetime IA in a population-based sample of excessive Internet users using clinical diagnoses assessed in a personal interview. Methods: The sample of this study is based on a general population survey. Using the Compulsive Internet Use Scale, all participants with elevated Internet use scores were selected and invited to a follow-up interview. Current DSM-5 criteria for Internet gaming disorder were rephrased to apply to all Internet activities. Out of 196 participants, 82 fulfilled the criteria for IA. Self-esteem was measured with the Rosenberg's Self-Esteem Scale. Results: Self-esteem is significantly associated with IA. For every unit increase in self-esteem, the chance of having IA decreased by 11%. By comparison, comorbidities such as substance-use disorder (excluding tobacco), mood disorder, and eating disorder were significantly more likely among Internet-addicted than in the non-addicted group. This could not be reported for anxiety disorders. A logistic regression showed that by adding self-esteem and psychopathology into the same model, self-esteem maintains its strong influence on IA. Discussion and conclusions: Self-esteem was associated with IA, even after adjustment for substance-use disorders, mood disorder, and eating disorder. Self-esteem and psychopathology should be considered in prevention, intervention measures, as well as in the conception of etiological models.
INTRODUCTION
Rising concerns regarding frequent and excessive use of certain Internet activities, such as online video games or social media, have opened up a debate over a potential new mental disorder called Internet addiction (IA) . Although the Internet may offer many opportunities and benefits, the use of some online activities can become dysfunctional, when they take up an excessive amount of time and energy, while other aspects of life are neglected (Andreassen & Pallesen, 2014) . These pathological behavioral patterns are often detected in teenagers and adolescents (Rumpf et al., 2014) . Although other researchers have worked on similar constructs, like Griffiths (1995) who worked on technological addiction and Shotton (1991) on computer addiction, Young (1996 Young ( , 1999 has been the first to publish a study on the specific topic of addictive Internet use or IA. Since then, two decades of research into this new area shed some light on mechanisms of IA. This led to the inclusion of Internet gaming disorder (IGD) into the fifth edition of Diagnostic and Statistical Manual of Mental Disorders (DSM-5), though under Section 3 as a condition that requires further study before becoming an official mental disorder (American Psychiatric Association, 2013 ) and the World Health Organization (WHO) included Gaming Disorder into the new release version of the International Classification of Diseases 11th Edition (ICD-11; WHO, 2018) .
Prior to the inclusion of IGD in the DSM-5, differences in assessment instruments have made it difficult to compare the findings to build a uniform and standardized framework around IA. In a review, Kuss, Griffiths, Karila, and Billieux (2014) summed up 68 epidemiological studies about IA and found that among them 21 different diagnostic tools were used to determine IA. The authors argue that varying measures and cut-offs make comparisons between data hard and cause varying prevalence estimates. In addition, most screenings are not thoroughly validated to distinguish between clinically relevant users and regular users. Another problematic aspect of IA research is the data collection. Data are mostly gathered with online questionnaires, which are an easy way to gather huge amounts of data but lacks satisfying clinical assessment (Kardefelt-Winther et al., 2017; Lampen-Imkamp & te Wildt, 2009 ). However, with the inclusion of IGD and the establishment of criteria in the DSM-5, the first step toward a standardized data collection is made and has stimulated research in this area.
Many of the earlier studies have concentrated on IGD. Notwithstanding, there is increasing evidence about the clinical relevance of social networking site (SNS) addiction. SNS addiction is under consideration to be an independent condition by some researchers (Griffiths, Kuss, & Demetrovics, 2014; Müller, Beutel, Egloff, & Wölfling, 2014; Rumpf et al., 2014) .
In IGD as well as SNS addictions, self-esteem has been identified as a risk factor and predictor in developing and maintaining a problematic behavior toward Internet activities (Andreassen et al., 2016; Beard, Haas, Wickham, & Stavropoulos, 2017; Brand, Young, Laier, Wölfling, & Potenza, 2016) . Generally speaking, low self-esteem causes stress and negative feelings, which can be distracted or compensated by engaging in gaming or social networking (Kim & Haridakis, 2009) . Kardefelt-Winther (2014) proposes that the desire to play online video games and the problematic engagement toward it comes from the need to compensate for psychosocial problems. In SNS addiction, self-esteem also plays an important role. Positive feedback from SNS increased self-esteem and well-being, whereas negative feedback decreased both (Valkenburg, Peter, & Schouten, 2006) . A large scale study linked addictive social media use to higher narcissism and lower self-esteem, suggesting that SNSs are used for coping with low selfesteem and for an ego boost, which makes those websites addictive for vulnerable people (Andreassen, Pallesen, & Griffiths, 2017) .
Besides self-esteem, psychopathological conditions and symptoms seem to contribute to IA as well (Kuss et al., 2017) . Research conducted over the past years found that IA is linked to substance abuse, depression, social phobia and phobic anxiety, and antisocial/aggressive behavior (Beutel et al., 2011; Ko et al., 2006; Kuss et al., 2014) . In addition, a meta-analysis conducted by Ho et al. (2014) has found that alcohol abuse, attention-deficit disorder, hyperactivity, depression, and anxiety are significantly associated with IA.
One limitation of the research, to date, is whether low self-esteem may be explained as a consequence of psychiatric disorder that is comorbid to IA or whether it may hold as a predictor even after adjustment for psychiatric disorder. For instance, a study by Schmitz, Kugler, and Rollnik (2003) showed that psychiatric patients suffer from lower rates of self-esteem in general. This was especially the case in patients with comorbid disorders. A second limitation is that past studies have used short questionnaires instead of comprehensive diagnostic interviews based on DSM-5 criteria. As a third limitation, it has to be mentioned that most studies have not been based on general population samples.
The aim of this study was to investigate associations of self-esteem with IA under consideration of comorbid psychiatric disorders. The following hypotheses are tested: (a) Participants with low self-esteem are more likely to have IA; (b) depression, substance-use disorder, and anxiety disorder frequently occur in individuals with IA compared to those without; and (c) self-esteem is associated with IA, independently from psychiatric comorbidity.
METHODS

Participants
Participants were recruited from the sample of the Pathological Gambling and Epidemiology (PAGE) study. For this study, the Institute of market and social research infas recruited 15,023 participants, through randomly computergenerated mobile (n = 1,001) or landline numbers (14,022). In a telephone interview, participants aged 14-64 years were enquired about gambling behavior and Internet use (Meyer et al., 2015) . A total of 8,132 participants reported private Internet use for at least 1 hr on a typical day of the week or on the weekend. These participants were additionally asked about Internet-related problems using the Compulsive Internet Use Scale (CIUS; Meerkerk, Van Den Eijnden, Vermulst, & Garretsen, 2009) . For this study, a very low and sensitive cut-off score of 21 or more points was chosen to include all participants with potential IA. Accordingly, 685 individuals met these criteria. Of them, 307 agreed to be contacted for further studies. Figure 1 further illustrates the reasons for non-participation, leaving 196 participants for a follow-up interview.
After the interview, the participants could be divided into two subgroups: 82 participants who met the criteria for IA and 114 participants who met less than 5 criteria. Among the participants with IA, the following main activities were specified: gaming (n = 30), use of SNSs (n = 30), and other applications, such as entertainment, downloading, online shopping or selling, pornography, searching information about current issues or news, and visiting dating sites (n = 22). Results of a non-response analysis showed that those who did not agree to be contacted or could not be reached for the follow-up were more likely to have a parent born outside of Germany (p < .001) and were more likely to have less than 10 years of school education. Differences in gender, age, status, and CIUS scores could not be observed (Zadra et al., 2016) .
Measures
The Compulsive Internet Use Scale (CIUS). The CIUS scale was used to identify participants with elevated Internet engagement. It consists of 14 Items, which are displayed in a 5-point Likert scale ranging from "never" to "very often." Salience, withdrawal, loss of control, conflict, and coping with unpleasant moods are main criteria of this assessment instrument. Psychometric properties were found to be good. The English version shows a Cronbach's α of .89-.90 (Meerkerk et al., 2009) . A study determining the factorial structure of the German version of the CIUS revealed a Cronbach's α of .89 (n = 2,506). In addition, a confirmatory factor analysis showed that the CIUS scale has a one-factorial structure with a sufficient model fit (Peukert et al., 2012) .
IA according to DSM-5 criteria. To determine IA, the DSM-5 criteria for IGD were used within a fully structured instrument based on the structure and principles of the Composite International Diagnostic Interview (CIDI; Wittchen et al., 1995) . The DSM-5 criteria were adapted to fit all potential problematic Internet-related activities by substituting the word "gaming" with "Internet activities."
The nine criteria were assessed with 27 questions, where each criterion was covered by one to four questions. If five or more criteria were met, diagnosis of IA was fulfilled. The cut-off of 5 was confirmed in studies from Ko et al. (2014) and Rehbein, Kliem, Baier, Mößle, and Petry (2015) . Unpublished data suggest excellent reliability for a lifetime diagnosis (Y = .86) and likewise for a diagnosis within the past year (Yule's Y = .84). This was measured in a student's sample (n = 66) scoring 20 point or more on the CIUS. These participants were interviewed twice within an average period of 40 days. For the present analyses, lifetime diagnosis of IA was used.
Munich-Composite International Diagnostic Interview (M-CIDI). The diagnostic assessment of axis I disorders was carried out with the M-CIDI (Wittchen et al., 1995) . This fully standardized diagnostic interview was developed for epidemiological surveys and research with the purpose to identify various symptoms and mental disorders. This instrument is capable of determining mental disorders in accordance with the ICD-10 Diagnostic Criteria for Research and has shown good retest reliability for most DSM-IV symptoms and disorders. Cohen's κ coefficient is above 0.72 for most disorders, except bulimia and generalized anxiety disorder (Wittchen, Lachner, Wunderlich, & Pfister, 1998) . For this study, the following sections were included: tobacco dependence, anxiety disorders, mood disorders, alcohol dependence and abuse, substance dependence and abuse, and eating disorder.
Rosenberg's Self-esteem Scale (RSES). The RSES (Rosenberg, 1965 ) is a widely used measurement for evaluating global self-esteem. It consists of 10 items; half of them are positively phrased and the other half negatively. The Likert-type scale ranges from 0 to 3 with the following responses: strongly disagree, disagree, agree, and strongly agree. Internal consistency for the 10 items ranged between α = .84-.95 with average of α = .90 (Sinclair et al., 2010) .
Procedure
This study uses data from the "Prevalence of Internet Use Disorder: Diagnostics and Risk profiles (PINTA-DIARI)" project. This study is based on a large, representative nationwide study in Germany called the PAGE study (Meyer et al., 2015) . A part of the initial sample was interviewed face-to-face for a second time. These interviews were conducted either at the homes of the participants or, if desired, at another convenient location in their hometown. Interviews were carried out by trained interviewers with a background in clinical psychology. PAGE was funded by the German federal states; PINTA and PINTA-DIARI were funded by the German Federal Ministry of Health.
Statistical analysis
SPSS Statistics 22 (Chicago, IL, USA) was used for statistical analysis. Logistic regression models were used to investigate the relationship between IA and self-esteem. The comparison between the groups with and without IA was performed using χ 2 test or Mann-Whitney U Test. For the multivariate data analysis with IA as the dependent variable, a logistic regression analysis was used. Odds ratios (ORs) and 95% confidence intervals (CIs) are shown. Selfesteem and comorbidities were analyzed in the same model to test if the factors were independent from each other.
Ethics
The study procedures were carried out in accordance with the Declaration of Helsinki. The PAGE and PINTA-DIARI study were approved by the ethics committees of the University of Lübeck, Lübeck, Germany and the University of Greifswald, Greifswald, Germany. All subjects were informed about the study and all provided informed consent for participation. Parental consent was sought for those younger than 18 years of age. 
RESULTS
Descriptive data
Among the total sample (n = 196), 82 participants (41.8%) could be identified as having IA. Descriptive characteristics of the sample are shown in Table 1 .
There were no significant differences in age, gender, employment status, and migration background between groups. In the group with IA, 36.6% played mainly online games, 36.6% used mainly SNSs and 26.8% reported other main online activities. The majority of participants with IA who stated online gaming as their main activity were male (82.2%), whereas participants with IA reporting social networking as their main activity were mostly female (80.6%).
The influence of self-esteem on IA For the analysis of self-esteem in IA, two participants had to be excluded due to missing data in the RSES. Hence, the sample size used for this analysis was n = 194. A binary logistic regression analysis of IA with self-esteem showed that for each one unit increase in self-esteem, the probability of having IA significantly decreased by 11% [Exp(B) = 0.89; 95% CI (0.83, 0.96); p = .003].
Comorbidities in IA
Of the 82 participants with IA, 61 (74.4%) had a cooccurring axis I disorder. Substance-use disorder and mood disorders were the most prevalent mental disorders in this group (Table 2) . 
Comparison of axis I disorders between participants with and without IA
Participants with IA were more likely to have substance-use disorders (without tobacco dependence), mood disorders, and eating disorders compared to non-IA participants. There was a statistical tendency for alcohol-use disorders (p = .06) and no differences for tobacco dependence, illegal drug use disorders, and anxiety disorders ( Table 2) .
Influence of self-esteem and psychopathology/comorbidities
Before conducting the main calculation, a pre-analysis was made. Each comorbid condition that showed significant differences between IA and Non-IA was tested in a logistic regression model including self-esteem. The purpose was to examine the specific impact of each mental disorder in relationship to self-esteem as a predictor of IA. The results can be seen in Table 3 . To address the last hypothesis, substance-use disorders, mood disorders, and eating disorders were put into a logistic regression model along with self-esteem. Anxiety disorders have been ruled out due to their lack of significance. Substance-use disorders have been included without tobacco. An additional model included all comorbid disorders as an aggregate variable (any assessed axis I disorder). Table 4 depicts the outcome of this analysis, revealing that selfesteem emerged as a significant factor in both models.
DISCUSSION
The aim of this study was to evaluate the relation of selfesteem and psychopathology with IA in a sample of excessive Internet users. By applying the current DSM-5 criteria and recruiting participants based on a representative general population sample, some methodological issues of the past studies could be overcome. For the first hypothesis, the link between self-esteem and IA was assessed. The results indicated that people with low self-esteem are more prone toward developing IA or vice versa; individuals with IA have lower self-esteem. For each unit increase in self-esteem, the probability of IA decreases by 11%. Considering that the RSES has a range from 0 to 30, this can be regarded as a strong relationship. It is important to emphasize that the comparison was made between groups that both have elevated scores on excessive Internet use and only differ in fulfillment of the IA criteria based on the DSM-5 approach. Thus, the specific properties distinguishing IA from only frequent use are examined. For individuals with low self-esteem, certain Internet activities offer compensation for their perceived deficiencies (Aydm & San, 2011) . Another study found that high self-esteem can be a protecting factor, whereas low self-esteem is a risk factor (Beard et al., 2017) . A multitude of studies established the link between IA and self-esteem (Andreassen et al., 2017; Beard et al., 2017; Kim & Haridakis, 2009 ). In the light of the present outcome with the population-based sample, findings could be replicated.
As in other studies, our findings show that mood disorders and substance-use disorders are related to IA. The relationship between IA and depressive disorder has been reported throughout many papers (Akin & Iskender, 2011; Andreassen et al., 2016; Yen, Ko, Yen, Wu, & Yang, 2007) . Excessive gaming has been found to have a negative effect on the well-being of gamers, which can contribute to developing depression. On the other side, online games can be used as a coping strategy for depressive symptoms, which would make these activities more addictive (Stetina, Kothgassner, Lehenbauer, & Kryspin-Exner, 2011) . This is similar to SNSs. Chou and Edge (2012) argued that social networking use could create or strengthen the belief that other people online have a better life. This belief could support depressive symptoms.
On an aggregate level, substance-use disorders gained significance only if tobacco dependence was excluded. Tobacco dependence appeared to be the only condition that is present more often in the group of non-addicted Internet users, despite not significantly. This suggests that tobacco dependence plays no relevant role in IA and thus was excluded in the analyses for the last hypothesis. Studies have shown that adolescents with dysfunctional Internet engagement tend to exhibit pathological substance use (Black, Belsare, & Schlosser, 1999; Ko et al., 2006) , which is in line with the present findings.
There were very few individuals with eating disorders in the sample. Yet, in the comparison between groups, eating disorder occurred significantly more often in the Internet-addicted group. One study looked at the negative impact of social media and television on the body image of females and how it affects eating disorder symptoms. However, they could not report any findings concerning that matter, except a correlation between social media use and low life satisfaction (Ferguson, Munoz, Garza, & Galindo, 2014) . Otherwise, there are barely any studies connecting these two disorders. Therefore, further studies on this matter to verify the present outcomes would be interesting.
In a brief overview, Griffiths, Kuss, and Pontes (2016) summarized that IGD is connected to symptoms of generalized anxiety disorder, panic disorder, and social phobia. However, in this study, the occurrence of anxiety disorders was not significantly different between those with and without IA. These results are not in accordance with what other studies found. For instance, in a recent study, Pearcy, McEvoy, and Roberts (2017) observed that individuals diagnosed with IGD were more likely to have a generalized anxiety disorder. Another study found a correlation between IA and social anxiety in university students (Weinstein et al., 2015) and in a meta-analysis anxiety was associated with IA (Ho et al., 2014) . Shepherd and Edelmann (2005) suggested that people with social phobia would favor online interaction, where the stress of face-to-face interaction can be avoided. This could lessen the motivation to connect with people outside the Internet, since social support is easily available this way. Thus, these individuals would have a higher risk of becoming dependent on Internet activities. Our data could not support these findings. A possible explanation could be that this study compared two groups in which both are frequently using the Internet, rather than checking differences between Internet-addicted users to non-or light Internet users. The groups differed only in fulfilling or not fulfilling the DSM-5-based diagnosis, but both scored 21 and above on the CIUS scale. Hence, anxiety disorders may be related to frequent Internet use, but not to IA per se. In addition, a study by Ko, Yen, Chen, Chen, and Yen (2008) has questioned previous research on social anxiety and IA. They discovered that social anxiety was no longer correlated with IA when the model was controlled for attention-deficit hyperactivity disorder and depression. Considering the mixed outcomes in previous studies, further research is needed.
Overall, psychopathology is more frequent in the IA group. As can be seen in the results, the overall axis I mental disorders (excluding tobacco dependence) were significantly more common in IA. Individuals suffering from mental disorders might use certain Internet activities to cope or distract themselves from negative feelings related to their mental condition. On the other hand, increased engagement with Internet activities can cause negative consequences, which then can lead to the development of a comorbid disorder. Floros, Siomos, Stogiannidou, Giouzepas, and Garyfallos (2014) found that of the 51.85% with a comorbid axis I disorder, 33.3% experienced IA after the onset of a previous mental disorder. In 14.81%, it was unclear which disorder was experienced first. Since comorbidities affect treatment outcomes heavily (Borkovec, Abel, & Newman, 1995) , it is important to take them into account.
To examine the relationship of comorbidity and self-esteem, two regression models were calculated, one including each mental disorder, and one with comorbidity as an aggregate variable.
In all models, self-esteem remained stable suggesting that it is associated independently from the respective comorbid disorder with IA.
There are no previous studies directly comparing the influence of self-esteem and psychopathology on IA. Most scientific papers agree that both constructs are important risk-factors contributing to the development and maintenance of IA (Brand et al., 2016) . In the I-PACE model by Brand et al. (2016) , low self-esteem is regarded as a risk factor with respect to personality characteristics, such as impulsivity or low conscientiousness. Psychopathology is regarded as a different set of risk-factors. Although both set of risk factors are interrelated in the direction that, for example, self-esteem is lowered in individuals with depression, anxiety, or other mental disorders, our findings indicate that the risk of low self-esteem cannot be explained by comorbid conditions. This sample does not solely focus on adolescents or gathers data in online survey nor is it limited to a clinical sample. By gathering data from a population-based sample, the study design and results go beyond previous research. In addition, this study specifically provides information on distinguishing variables between frequent Internet users and dysfunctional users.
In addition to the methodological advantages of this study, a number of limitations should be considered. While the initial sample was representative for the general population of Germany, the present one used the CIUS to select participants with extensive Internet use. Only a part of them could be reinterviewed. As mentioned above, a nonresponder analysis has revealed that participants with migration background and with less than 10 years of school education were more likely to decline participation. Therefore, certain groups of the population are systematically underrepresented. This study has examined IA as a general construct. However, IA has been often viewed in context of the application used. Further studies into this matter, distinguishing between the respective applications, could provide additional informational value. The assessment of mental disorders with the CIDI was performed using dichotomous variables, while self-esteem had a dimensional scale. However, a binary response does not offer much variance and thus limits the informational value of the statistical analysis. Finally, although the CIDI has good psychometric properties, criteria used in this study are based on the outdated DSM-IV. Due to the cross-sectional nature of the data, no causal conclusions can be drawn.
CONCLUSIONS
In this study, the relationship between low self-esteem and IA could be confirmed. Self-esteem has a significant impact on IA that cannot fully be explained by psychopathology. The addictive use of the Internet is also associated with mood disorder, substance-use disorder (excluding tobacco), and eating disorder, as well as psychopathology in general.
This implies that certain individuals are more at risk for developing IA. Therefore, preventive measures targeting these people could prove beneficial. Moreover, these findings are also of importance for clinicians, since comorbidities are strongly related to treatment approaches and outcomes. The role of eating and anxiety disorders should be further investigated. Especially, the role of anxiety disorders in IA remains unclear. Although the majority of studies find a relationship between anxiety and IA, ours and some others do not. This might be related to sampling strategies. In a nutshell, low self-esteem and comorbidities are common in IA. This is why it would be a grave error to neglect them in prevention, treatment, or etiological models. Authors' contribution: KS: statistical analysis, interpretation of findings, and preparation of manuscript draft. GB: study concept and design. BB: data gathering. AB: study concept and design and data gathering. CM and UJ: study concept and design and obtained funding. H-JR: study concept and design, obtained funding, statistical analysis, and interpretation of findings. All authors had full access to all data in the study and take responsibility for the integrity of the data and the accuracy of the data analysis.
